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(54) Printing apparatus, control method therefor, and storage medium

(57) A print apparatus which receives image data
from a digital camera, PC card, or PC to print an image
on a storage medium outputs print data based on image
data from the PC to a printer engine via a USB hub, and
prints an image. The apparatus has a DSP which re-
ceives compressed image data from the digital camera

or PC card, decodes the received data, and parallelly
executes, for the decoded image data, at least color
space conversion processing, size change processing,
and color conversion processing. The apparatus gener-
ates print data on the basis of the image data processed
by the DSP, outputs the generated print data to the print-
er engine, and prints an image.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a printing ap-
paratus which receives image data from an image sens-
ing apparatus such as a digital camera, a memory, or
the like and prints the image data on a print medium, a
control method therefor, and a storage medium.

BACKGROUND OF THE INVENTION

[0002] In recent years, digital cameras (image sens-
ing apparatuses) capable of photographing an image by
a simple operation and converting the image into digital
image data have been widely used. To print an image
photographed by this camera and use the print as a pho-
tograph, the photographed digital image data is input
from the digital camera to a PC (computer), and under-
goes image processing by the PC. Then, the processed
data is output to a color printer, which prints the data.
[0003] To the contrary, there have been developed
color print systems capable of directly transferring digital
image data from a digital camera to a color printer and
printing the image data by the color printer without using
any PC, and so-called photo-direct (PD) printers capa-
ble of directly mounting in a color printer a memory card
which is mounted in a digital camera and stores a
sensed image, and printing the photographed image
stored in the memory card by the color printer.
[0004] In such a conventional printer apparatus, a
CPU which controls the entire apparatus executes
processing which requires a long time, e.g., image
processing such as decoding/expansion and color con-
version of received image data. This prolongs a time re-
quired for the processing, resulting in a long time re-
quired for printing.

SUMMARY OF THE INVENTION

[0005] The present invention has been made in con-
sideration of the above prior art, and has as its object to
provide a printing apparatus capable of processing and
printing input image data at a high speed, a control
method of the printing apparatus, and a storage medi-
um.
[0006] It is another object of the present invention to
provide a printing apparatus which can selectively print
image data from a plurality of image data sources with
a high efficiency and prevent an unintended image from
printing even when a plurality of devices and memories
are connected, a control method of the printing appara-
tus, and a storage medium.
[0007] Other features and advantages of the present
invention will be apparent from the following description
taken in conjunction with the accompanying drawings,
in which like reference characters designate the same
or similar parts throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are incor-
porated in and constitute a part of the specification, il-
lustrate embodiments of the invention and, together with
the description, serve to explain the principles of the in-
vention.

Fig. 1 depicts a schematic perspective view show-
ing a photo-direct printer apparatus according to an
embodiment of the present invention;
Fig. 2 is a schematic perspective view showing a
print head of the photo-direct printer apparatus ac-
cording to the embodiment of the present invention;
Fig. 3 is a block diagram showing the arrangement
of the main part concerning control of the photo-di-
rect printer apparatus according to the embodi-
ment;
Fig. 4 is a block diagram showing the arrangement
of the ASIC of the photo-direct printer apparatus ac-
cording to the embodiment;
Fig. 5 depicts a view for explaining connection be-
tween the photo-direct printer apparatus and a dig-
ital camera according to the embodiment;
Fig. 6 is a functional block diagram showing inter-
faces and the arrangement of functions for image
processing control of the photo-direct printer appa-
ratus according to the embodiment;
Fig. 7 is a functional block diagram showing the ar-
rangement of the functions for image processing
control of the photo-direct printer apparatus accord-
ing to the embodiment in more detail;
Fig. 8 is a block diagram showing a multitask struc-
ture in which a task is created for each functional
module in a control program of the photo-direct
printer apparatus according to the embodiment;
Fig. 9 is a flow chart schematically showing
processing executed by a DSP according to the em-
bodiment;
Fig. 10 is a flow chart for explaining image process-
ing 1 in step S2 of Fig. 9;
Fig. 11 is a flow chart for explaining image process-
ing 2 in step S3 of Fig. 9;
Fig. 12 is a flow chart for explaining image process-
ing 3 in step S4 of Fig. 9;
Fig. 13 is a flow chart showing processing when the
photo-direct printer apparatus and digital camera
according to the embodiment are connected;
Fig. 14 is a flow chart for explaining processing
along with mounting/dismounting of a PC card in the
photo-direct printer apparatus according to the em-
bodiment;
Fig. 15 is a flow chart for explaining processing of
receiving and printing print data from a PC in the
photo-direct printer apparatus according to the em-
bodiment;
Fig. 16 is a flow chart for explaining access request
processing from the PC to a PC card in the photo-
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direct printer apparatus according to the embodi-
ment;
Fig. 17 is a table for explaining the relationship be-
tween the preceding processes and succeeding
processes in the photo-direct printer apparatus ac-
cording to the embodiment;
Fig. 18 is a view for explaining an example of RGB
color conversion processing in step S23 of Fig. 11;
and
Fig. 19 is a view for explaining an example of error
diffusion processing in step S32 of Fig. 12.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0009] A preferred embodiment of the present inven-
tion will be described in detail below with reference to
the accompanying drawings.
[0010] Fig. 1 is a schematic perspective view showing
a photo-direct printer apparatus 1000 according to the
embodiment of the present invention. The photo-direct
printer has a general PC printer function of receiving da-
ta from a host computer (PC) and printing the data, and
a function of directly reading and printing image data
stored in a storage medium such as a memory card, or
receiving image data from a digital camera connected
to the printer apparatus and printing the data.
[0011] In Fig. 1, the main body which defines the cas-
ing of the photo-direct printer apparatus 1000 according
to this embodiment has casing members: a lower case
1001, upper case 1002, access cover 1003, and dis-
charge tray 1004. The lower case 1001 forms almost
the lower half of the apparatus 1000, whereas the upper
case 1002 forms almost the upper half of the main body.
A combination of these cases forms a hollow structure
with a storage space where each mechanism (to be de-
scribed later) is accommodated. The upper and front
surfaces have openings. The discharge tray 1004 is ro-
tatably held at one end by the lower case 1001, and the
opening in the front surface of the lower case 1001 is
opened/closed by rotating the discharge tray 1004. To
execute print operation, the discharge tray 1004 is ro-
tated toward the front side to open the opening. Print
sheets can be discharged from the opening, and the dis-
charged print sheets can be sequentially stacked. The
discharge tray 1004 houses two auxiliary trays 1004a
and 1004b. These trays are selectively pulled out to en-
large/reduce the paper support area in three stages, as
needed.
[0012] The access cover 1003 is rotatably held at one
end by the upper case 1002 so as to open/close the
opening formed in the upper surface. Opening the ac-
cess cover 1003 enables exchanging a print head car-
tridge (not shown), ink tank (not shown), or the like ac-
commodated in the main body. Although not shown, a
projection formed on the back surface of the access cov-
er 1003 rotates a cover opening/closing lever when the
access cover 1003 is opened/closed. The lever rotation

position is detected by a microswitch or the like, thereby
detecting the open/closed state of the access cover.
[0013] A power switch 1005 is provided with the upper
surface of the upper case 1002. An operation panel
1010 having a liquid crystal display 1006, various key
switches, and the like is arranged on the right side of the
upper case 1002. The structure of the operation panel
1010 will be described in detail with reference to Fig. 2.
Reference numeral 1007 denotes an automatic feeder
which automatically feeds print sheets into the appara-
tus main body; numeral 1008 denotes a paper interval
selection lever for adjusting the interval between the
print head and the print sheet; and numeral 1009 de-
notes a card slot into which an adapter capable of
mounting a memory card is inserted. Image data stored
in a memory card can be directly received and printed
via the adapter. The memory card (PC) includes, e.g.,
a compact flash memory™, smart media, and memory
stick. Reference numeral 1011 denotes a viewer (liquid
crystal display) which is detachable from the apparatus
main body and is used to display an image of one frame,
an index image, and the like when images stored in the
PC card are searched for an image to be printed; and
numeral 1012 denotes a terminal (input terminal for in-
putting image data) for connecting a digital camera (to
be described later). A USB bus connector 1013 in Fig.
4 for connecting a personal computer (PC) is provided
with the back side of the apparatus main body.
[0014] Fig. 2 is a schematic perspective view showing
the arrangement of the print head of the photo-direct
printer apparatus 1000 according to the embodiment.
[0015] As shown in Fig. 2, a print head cartridge 1200
in this embodiment has ink tanks 1300 which accommo-
dates inks, and a print head 1301 which discharges inks
supplied from the ink tanks 1300 from nozzles in accord-
ance with print information. The print head 1301 em-
ploys a so-called cartridge scheme, which is detachably
mounted in a carriage 1102. In printing, the print head
cartridge 1200 is reciprocated and scanned along a car-
riage shaft, and a color image is printed on a print sheet
along with the operation of the print head cartridge 1200.
To achieve high-quality color printing like a photograph,
for example, the black, light cyan (LC), light magenta
(LM), cyan, magenta, and yellow ink tanks are inde-
pendently set in the print head cartridge 1301 shown in
Fig. 2. Each ink tank is detachable from the print head
1301.
[0016] In this embodiment, the apparatus using the
above-described six color inks will be described. How-
ever, the present invention is not limited to this, and may
be applied to an ink-jet printer which prints using four
color inks, black, cyan, magenta, and yellow. In this
case, each of four independent ink tanks may be de-
tachably set in the print head 1301.
[0017] Fig. 3 is a schematic view showing the opera-
tion panel 1010 according to this embodiment.
[0018] In Fig. 3, the liquid crystal display 1006 dis-
plays menu items for various settings of data on items
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printed on the right and left of the display 1006. The dis-
played items are the first photograph number of a print
range, a designated frame number (start/-designate),
the last photograph number of the print range (end), the
number of prints (number of copies), the type of paper
(print sheet) used for printing (paper type), setting of the
number of photographs to be printed on one paper sheet
(layout), designation of the print quality (quality), desig-
nation whether to print a photographing date (date print-
ing), designation whether to correct and print a photo-
graph (image correction), and display of the number of
paper sheets necessary for printing (number of paper
sheets). These items are selected or designated with
cursor keys 2001. Reference numeral 2002 denotes a
mode key which allows switching the type of printing (in-
dex printing, printing of all frames, printing of one frame,
or the like) every time the key is pressed; numeral 2004
denotes a maintenance key for performing printer main-
tenance such as cleaning of the printer head; numeral
2005 denotes a print start key which is pressed to des-
ignate the start of printing or establish maintenance set-
ting; and numeral 2006 denotes a stop key which is
pressed to stop printing or designate to stop a mainte-
nance processing.
[0019] The arrangement of the main part concerning
control of the photo-direct printer apparatus according
to this embodiment will be explained with reference to
Fig. 4. In Fig. 4, the same reference numerals as in the
foregoing drawings denote the same parts, and a de-
scription thereof will be omitted.
[0020] In Fig. 4, reference numeral 3000 denotes a
controller (control board); numeral 3001 denotes an
ASIC (application specific LSI) whose arrangement will
be described in detail below with reference to the block
diagram of Fig. 4; numeral 3002 denotes a DSP (Digital
Signal Processor) which incorporates a CPU and per-
forms various control processes (to be described later),
and image processes such as conversion from an RGB
signal (RGB signal indicates three primary color signals
for display and is called as a luminance signal) to a
CMYK signal (CMY signal indicates three primary color
signal for printing and a CMYK signal including a black
signal is called as a density signal), scaling, gamma con-
version, and error diffusion; numeral 3003 denotes a
memory having a program memory 3003a which stores
the control program of the CPU of the DSP 3002, a RAM
area which stores variables and the like in executing a
program, and a memory area functioning as a work
memory which stores image data and various data; nu-
meral 3004 denotes a printer engine which is an ink-jet
print type printer engine for printing a color image by
using a plurality of color inks in this embodiment; numer-
al 3005 denotes a connector serving as a port for con-
necting a digital camera 3012; numeral 3006 denotes a
connector for connecting the viewer 1011; and numeral
3008 denotes a USB bus hub which transmits data from
a PC 3010 and outputs the data to the printer engine
3004 via a USB bus 3021 when the printer apparatus

1000 performs printing based on image data from the
PC 3010. The connected PC 3010 can directly ex-
change data and signals with the printer engine 3004
and execute printing (functions as a general PC printer).
Reference numeral 3009 denotes a power connector
which receives from a power supply 3013 a DC voltage
converted from a commercial AC voltage. The PC 3010
is a general personal computer. Reference numeral
3011 denotes a memory card (PC card) described
above; and 3012, the digital camera.
[0021] Signal exchange between the controller 3000
and the printer engine 3004 is performed via the USB
bus 3021 or an IEEE 1284 bus 3022.
[0022] Fig. 5 is a block diagram mainly showing the
arrangement of the ASIC 3001. Also in Fig. 5, the same
reference numerals as in the foregoing drawings denote
the same parts, and a description thereof will be omitted.
[0023] Reference numeral 4001 denotes a PC card
interface which reads image data stored in the mounted
PC card 3011 or writes data in the PC card 3011; and
numeral 4002 denotes an IEEE 1284 interface which ex-
changes data with the printer engine 3004. The IEEE
1284 interface is a bus used to print image data stored
in the digital camera 3012 or PC card 3011. Reference
numeral 4003 denotes a USB interface which exchang-
es data with the PC 3010; numeral 4004 denotes a USB
host interface which exchanges data with the digital
camera 3012; numeral 4005 denotes an operation panel
interface which receives various operation signals from
the operation panel 1010 or outputs display data to the
display 1006; numeral 4006 denotes a viewer interface
which controls display of image data on the viewer 1011;
numeral 4007 denotes an interface which controls an
interface between various switches, an LED 4009, and
the like; numeral 4008 denotes a CPU interface which
controls data exchange between these interfaces and
the DSP 3002; and numeral 4010 denotes an internal
bus (ASIC bus) which is connected to these units. The
DSP 3002 parallelly performs control of the photo-direct
printer apparatus 1000 and image processing such as
conversion from a luminance signal (RGB) to a density
signal (CMYK), scaling, gamma conversion, and error
diffusion. The control of the photo-direct printer appara-
tus 1000 includes processing of accessing the PC card
3011 and digital camera 3012 by controlling, e.g., the
PC card I/F 4001 and USB host I/F 4004.
[0024] Fig. 6 is a functional block diagram showing the
interfaces and the arrangement of functions for image
processing control of the photo-direct printer apparatus
1000 according to the embodiment. Also in Fig. 6, the
same reference numerals as in the foregoing drawings
denote the same parts, and a description thereof will be
omitted.
[0025] Reference numeral 6000 corresponds to a
host (image data source) when seen from the photo-di-
rect printer apparatus 1000. The host 6000 includes the
PC 3010 serving as the host computer, the digital cam-
era 3012, and the PC card 3011 described above, and
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a game machine, television device (neither is shown),
and the like. The host 6000 is connected via an interface
such as a USB bus, IEEE 1284, or IEEE 1394. As the
interface, Bluetooth or the like may be used.
[0026] The function of the control board 3000 de-
scribed above further includes a data input/storage
processor 6001 and a printer interface 6004 for output-
ting print data to the printer engine 3004, which are im-
plemented by the ASIC 3001, and a multi-renderer sec-
tion 6002 and image processing and process section
6003 executed by the DSP 3002.
[0027] Fig. 7 is a functional block diagram showing the
arrangement of the functions for image processing con-
trol in the photo-direct printer apparatus 1000 according
to the embodiment in more detail. Also in Fig. 7, the
same reference numerals as in the foregoing drawings
denote the same parts, and a description thereof will be
omitted.
[0028] In Fig. 7, image data or JPEG-compressed im-
age data input from the PC card 3011, camera 3012, or
PC 3010 via an interface 7005 such as a USB bus in-
terface is temporarily stored in an image buffer 7000. If
the stored data is compressed data, it is decompressed
in a JPEG decompressor 7006, the decompressed data
is converted from Y, Cb, and Cr signals into R, G, and
B signals, and the converted signal is then stored in an
RGB buffer 7001. A 3D3 (7007) converts the color space
of RGB data by looking up a look-up table 7009. A 3D6
(7008) converts R, G, and B signals into signals for six
colors of C, M, Y, K, LC (light cyan), and LM (light ma-
genta) by looking up the look-up table 7009. Reference
numeral 7010 denotes an X-Y scaling unit which chang-
es image sizes in the X and/or Y direction. Reference
numeral 7011 denotes a 1D output unit which executes
color processing such as γ conversion by looking up a
one-dimensional table 7012. Reference numeral 7012
denotes an error diffusion (ED) unit which executes er-
ror diffusion processing for multilevel image data to gen-
erate binarized image data (or multilevel data) for each
color. The binarized (or multilevel) image data generat-
ed in this manner is stored in an ED buffer 7003. Refer-
ence numeral 7004 denotes a work buffer which stores
print data corresponding to each of a plurality of print
heads discharging inks of respective colors. The gener-
ated print data corresponding to each print head is trans-
mitted to the printer engine 3004 via a printer interface
7013, and printing is performed.
[0029] In Fig. 7, the X-Y scaling unit 7010 performs
size change processing for an image in the X and/or Y
direction after processing by the 3D6 (7008). However,
the present invention is not limited to this, and as will be
described later with reference to Fig. 11, the size change
processing may be performed before color conversion
to RGB data.
[0030] As described above, in the photo-direct printer
apparatus 1000, the DSP 3002 executes control of each
unit of the apparatus 1000 in addition to image process-
ing. The DSP 3002 also has a parallel processing func-

tion and can parallelly execute the 3D3 processing, 3D6
processing, X-Y scaling, 1D output processing, error dif-
fusion processing, and the like. The DSP 3002 is, e.g.,
TMS320DSP available from Texas Instruments (TI),
which executes control (to be described later) in accord-
ance with a control program stored in the program mem-
ory 3003a shown in Fig. 4.
[0031] This control program is arranged in a multitask
form in which a task is created for each functional mod-
ule. Fig. 8 shows a main task structure.
[0032] In Fig. 8, reference numeral 8000 denotes a
system control task which arbitrates an entire system,
e.g., issues each event between tasks, controls a se-
quence at the end of an event, and performs exclusive
processing. Reference numeral 8001 denotes a key
event task 8001 which analyzes a pressed key on the
basis of key operation in the operation panel 1010. Ref-
erence numeral 8002 denotes a display task for the LCD
1006, which is activated at the time when a UI control
request, massage display request, or the like is made
on the display 1006, and executes display control to the
display 1006. Reference numeral 8003 denotes tasks
activated by reading/writing data from/in the PC card
3011 or inputting/outputting to/from data via the IEEE
1304 or Bluetooth. Reference numeral 8004 denotes a
USB printer task activated by data transfer from the PC
3010 connected via the USB bus. The USB printer task
8004 is activated by a printer interrupt sent via a USB
bus and executes a function serving as a PC printer. A
USB storage task 8005 is activated by the system con-
trol task 8000 and initiates firmware. The USB storage
task 8005 starts/ends a USB control task and USB bulk
task which are lower tasks in accordance with a mes-
sage from the system control task 8000. A pseudo USB
host task 8006 is activated by the USB task and exe-
cutes data read from the digital camera 3012 connected
via a USB bus and various types of communication con-
trols. Reference numeral 8007 denotes a file task which
performs input/output control such as file open, file
close, file read, and file write. Reference numeral 8008
denotes a task activated from a Centronics interface
connected to the printer engine 3004. The task 8008 ex-
ecutes DMA transmission of print data, status reply, and
the like. Reference numeral 8009 denotes an image
processing task which receives RGB data, generates
YMCK data by 3D processing, tetrahedron interpolation,
color conversion, scaling, and error diffusion described
above, and finally generates raster image data which is
to be output to the printer engine 3004. Reference nu-
meral 8010 denotes a page create task which expands
JPEG data to convert it into image data, generates im-
age data from data in a BMP format, or generates image
data from an HTML document. In addition, the page cre-
ate task 8010 performs image processing such as pho-
tograph data correction and grayscale correction and
generates RGB data. Reference numeral 8011 denotes
a viewer task which executes display control to the view-
er 1011 when the viewer 1011 has been connected.
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[0033] The outline of processing performed by the
DSP 3002 of the photo-direct printer apparatus 1000 ac-
cording to the embodiment will be described with refer-
ence to the flow charts in Figs. 9 to 12. Note that since
this processing by the DSP 3002 is executed in the mul-
ti-task, the flow of whole processing will be described
here.
[0034] Fig. 9 is a flow chart showing the outline of
processing performed by the DSP 3002 according to the
embodiment.
[0035] This processing is started by receiving image
data from the PC card 3011 or digital camera 3012 and
inputting the received data. In step S1, the CPU per-
forms page create processing. In the page create
processing, the CPU sets the format of page data. The
process proceeds to step S2 and the image processing
1 is executed. Then image processing 2 is executed in
step S3, and image processing 3 is executed in step S4.
The image processing 1 to image processing 3 will be
described later with reference to Figs. 10 to 12, which
are executed in parallel. The processing unit of the im-
age data to be processed herein is 16 rasters.
[0036] After image processing has ended and print
data is generated, the process proceeds to step S5 and
the generated print data is transferred to the printer en-
gine 3004 by DMA. The process proceeds to step S6,
in order to read out data to be processed next, the ad-
dress of the image buffer 7000 is incremented by 16
rasters to update the address. The process proceeds to
step S7, it is checked whether image data of one page
has been processed. If NO in step S7, the process pro-
ceeds to step S2 to repeat the above processing. If YES
in step S7, the CPU ends the processing.
[0037] Fig. 10 is a flow chart for explaining the image
processing 1 in step S2 of Fig. 9.
[0038] In step S11, image data of the JPEG or TIFF
format is decompressed. For example, in general de-
compression processing for JPEG data, decoding the
Huffman code, inverse quantization, and inverse dis-
crete cosine transformation are sequentially executed,
resulting in generating Y, Cb, and Cr data. The process
proceeds to step S12 and the Y, Cb, and Cr data are
converted into R, G, and B data. This conversion is per-
formed by using the conversion formula recommended
by ITU-R BT. 601.
[0039] Fig. 11 is a flow chart for explaining the image
processing 2 in step S3 of Fig. 9.
[0040] In step S21, enlargement/reduction process-
ing in the X direction (in this case, the X direction is a
raster direction) is performed. The process proceeds to
step S22 and enlargement/reduction processing in the
Y direction (the Y direction is the nozzle array direction
of the print head 1301) is performed. These processes
are performed to enlarge/reduce an image by linear in-
terpolation so as to match the image to an actual print
region. The process proceeds to step S23 and RGB
color components are converted into R*G*B* color com-
ponents. In step S23, 8-bit R, G, and B data are respec-

tively converted into 8-bit R*, G*, and B* data by using
the three-dimensional look up table (LUT) 7009. This
processing is called as color space conversion (color
preprocessing), which is used for correcting the differ-
ence between the color space of an input image and a
reproduction color space in the printer engine 3004. As
shown in Fig. 18, in this color conversion, each color
component is represented by, e.g.,

This calculation and processing for storing the calcula-
tion results in the memory 3003 are executed by the
DSP 3002 in one instruction (note that these equations
are used for explanation, and each of C0, C1, C2, d0, d1,
and d2 is a predetermined constant) .
[0041] In step S24, the RGB color components are
converted into CMYK color components. In this
processing, 8-bit R*, G*, and B* data obtained by the
color space conversion are converted into six, i.e., 8-bit
C, M, Y, K, LC, and LM data by using the three-dimen-
sional LUT 7009. This processing is color conversion
(called as color post-processing) in which the RGB
colors of an input system are converted into the CMYK
colors of an output system.
[0042] Such color conversion is performed because
the additive three primary colors (RGB) of an illuminant
such as a display in most cases are used for image data
to be input, but the colorants of the subtractive three pri-
mary colors (CMY) are used when colors are represent-
ed by the reflection of light from the printer. The three-
dimensional LUTs 7009 used in the color preprocessing
and color post-processing hold data discretely, and val-
ues between the held data are obtained by interpolation.
Such interpolation is well-known and a detailed descrip-
tion thereof will be omitted.
[0043] Fig. 12 is a flow chart for explaining the image
processing 3 in step S4 of Fig. 9.
[0044] In step S31, gamma conversion is performed
to the C, M, Y, K, LC, and LM image data to adjust their
densities. In this processing, the 8-bit C, M, Y, K, LC,
and LM data undergo γ correction by using the one-di-
mensional LUT 7012. Since the relationship between
output characteristics (reflection density and the like)
and the number of print dots per unit area does not have
any linear relationship in most cases, γ correction is per-
formed to ensure the linear relationship between the in-
put levels of the 8-bit C, M, Y, K, LC, and LM data and
the corresponding output characteristics. If a detection
means for detecting color misregistration in a print im-
age detects the individual differences of the output char-

R* = R x C0 + d0

G* = G x C1 + d1

B* = B x C2 + d2
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acteristics of the print heads which print the respective
colorants, color misregistration due to the individual dif-
ferences can be prevented by changing data used for
the γ correction in the one-dimensional LUT 7012. For
example, if the output characteristic value of a print head
which prints a C colorant is larger than an expectation
value, the input/output relationship of the one-dimen-
sional LUT 7012 is changed to reproduce a desired
grayscale. This can realize individual difference correc-
tion for the print head in each apparatus.
[0045] The process proceeds to step S32 and binari-
zation processing (error diffusion) is executed. The
printer engine 3004 in this embodiment is used for a bi-
nary, ternary, or quaternary data printing apparatus (a
case using a binary data printing apparatus will be de-
scribed here) capable of smoothly representing a half-
tone image like a photograph, in which 8-bit C, M, Y, K,
LC, and LM image data are respectively quantized to 1-
or 2-bit C, M, Y, K, LC, and LM data by the error diffusion
method.
[0046] As shown in Fig. 19, an R color component is
taken as an example. The DSP 3002 executes, in one
instruction, processing of comparing the grayscale val-
ue of R with its threshold ("128" in this case) and
processing for storing in the memory 3003 the results of
two calculations of R - D0 and R - D1 performed to obtain
the errors of compared values (where D0 = 0, D1 = 255).
In accordance with the comparison results, a smaller
one of the results of calculations of R - D0 and R - D1 is
stored in the memory 3003. (If the grayscale value is
equal to or smaller than "128", R - D0 is stored as the
error value, and if the grayscale value is larger than
"128", R - D1 is stored as the error value). Such a quan-
tization method using the error diffusion method is well-
known, and a detailed description will be omitted.
[0047] The outline of the operation based on the
above arrangement will be described.

<General PC Printer Mode>

[0048] The general PC printer mode is a print mode
in which an image is printed on the basis of print data
from the PC 3010.
[0049] In this mode, when print data from the PC 3010
is input via the connector 1013, the print data is directly
sent to the printer engine 3004 via the USB bus hub
3008 and USB bus 3021. Printing is executed based on
the print data from the PC 3010.

<Direct Print Mode from PC Card>

[0050] When the PC card 3011 is mounted/dismount-
ed in/from the card slot 1009, an interrupt occurs, and
the DSP 3002 can detect mounting/dismounting (re-
moval) of the PC card 3011. If the PC card 3011 is
mounted, image data which is compressed (e.g., JPEG-
compressed) and stored in the PC card 3011 is read out
and stored in the memory 3003. The compressed image

data is decompressed and stored in the memory 3003
again. If printing of the stored image data is designated
on the operation panel 1010, conversion from an RGB
signal to a YMCK signal, gamma correction, error diffu-
sion, and the like are executed to convert the data into
print data printable by the printer engine 3004. The re-
sultant data is output to the printer engine 3004 via the
IEEE 1284 interface 4002 to print the data.

<Direct Print Mode from Camera>

[0051] By connecting the photo-direct printer appara-
tus 1000 according to this embodiment and the digital
camera 3012 via a cable, image data from the digital
camera 3012 can be directly printed by the printer 1000.
[0052] In this case, the display 1006 of the operation
panel 1010 displays only a camera mark 6000. The dis-
play and operation on the operation panel 1010 are in-
validated, and display on the viewer 1011 is also inval-
idated. As subsequent operation, only key operation on
the digital camera 3012 and image display on the dis-
play (not shown) of the digital camera 3012 are valid.
The user can designate printing by using the digital cam-
era 3012.
[0053] Processing in the photo-direct printer appara-
tus 1000 according to the embodiment based on the
above arrangement will be explained with reference to
flow charts shown in Figs. 13 to 16. This processing is
executed by multitask processing by the CPU of the
DSP 3002.
[0054] Fig. 13 is a flow chart showing processing
when the photo-direct printer apparatus 1000 and digital
camera 3012 are connected.
[0055] In step S41, it is checked whether the digital
camera 3012 has been connected to the USB bus by
the USB host task. If YES in step S41, the process pro-
ceeds to step S42 and an "ON" camera flag is set in the
memory 3003 to represent that the digital camera 3012
has been connected. The process proceeds to step S43
and it is checked whether the print mode by the PC card
3011 or the print mode based on data from the PC 3010
is being executed. If YES in step S43, the process waits
until the end of the mode, and advances to step S44.
The camera mark 6000 is displayed on the display 1006
of the operation panel 1010, and it notifies the user of
connection of the digital camera 3012. The process ad-
vances to step S45, image data is received from the dig-
ital camera, and printed, in accordance with an opera-
tion instruction input from the operation unit of the digital
camera 3012, an image which is sensed by the digital
camera 3012 and stored in the storage medium of the
camera 3012.
[0056] If the digital camera 3012 is not connected but
its connection is canceled, i.e., the digital camera 3012
is disconnected in step S41, the process proceeds to
step S46 and it is checked whether the camera flag is
ON, i.e., whether the camera 3012 has been connected
and is disconnected first. If YES in step S46, the process

11 12



EP 1 303 132 A2

8

5

10

15

20

25

30

35

40

45

50

55

proceeds to step S47, the camera flag is set to OFF, and
the camera mark 6000 displayed on the display 1006 is
disappeared in step S48. The process proceeds to step
S49 and it is checked whether a card flag representing
mounting of the PC card 3011 is ON. If YES in step S49,
the process advances to step S50 for read of image data
from the PC card 3011 which has been invalid, and print
processing of the readout image data. The process pro-
ceeds to these processes because read of image data
from the PC card 3011 and its print processing may be
suspend while the digital camera 3012 was connected.
If NO in step S46 or S49, the process is ended.
[0057] Fig. 14 is a flow chart for explaining print
processing of PC card data along with mounting of the
PC card 3011 or processing along with dismounting of
the PC card 3011.
[0058] Mounting/dismounting of the PC card 3011 is
detected by an interrupt. In step S51, it is checked
whether the PC card 3011 is mounted or dismounted. If
the PC card 3011 is mounted, the process proceeds to
step S52 and an "ON" card flag representing that the
PC card 3011 is mounted, is set. Then, the process ad-
vances to step S53 and it is whether the camera 3012
has been connected, based on the camera flag. If the
camera flag is ON, the process is ended without receiv-
ing data.
[0059] If the camera flag is OFF, the process proceeds
to step S54 and it is checked whether a print job is being
executed in the PC mode, i.e., in accordance with a print
instruction from the PC 3010. If NO in step S54, the proc-
ess proceeds to step S59; if YES, to step S55, waits until
the print job ends, and then advances to step S56. In
step S59, it is checked whether the PC 3010 is writing
data in the PC card 3011. If YES in step S59, the proces
waits until the end of write processing, and advances to
step S56. In step S56, data is read out from the PC card
3011 in accordance with an operation instruction re-
ceived from the operation panel 1010. In step S57, the
readout image data is printed in accordance with an in-
struction from the operation panel 1010.
[0060] If the PC card 3011 is dismounted in step S51,
the process proceeds to step S58, the card flag is set to
OFF, and it is stored that the PC card 3011 is dismount-
ed.
[0061] Fig. 15 is a flow chart for explaining processing
of receiving and printing print data from the PC 3010.
[0062] Upon reception of print data from the PC 3010,
in step S61, it is checked whether the camera flag is ON,
i.e., the digital camera 3012 has been connected. If YES
in step S61, the process advances to step S62, and it is
checked whether data from the connected digital cam-
era 3012 is printing. If NO in step S62, or data from the
camera 3012 is being printed in step S62, the process
waits until the end of the print processing, advances to
step S63, and data is received from the PC 3010 to ex-
ecute print processing. The process repeats the
processing in steps S63 and S64 until print processing
is ended in step S64. When printing of data from the PC

3010 ends, the process is ended while keeping ON the
camera flag representing connection to the digital cam-
era 3012 (keeping connection to the digital camera
3012).
[0063] If the camera flag is OFF (the camera 3012 is
disconnected) in step S61, the process advances to
step S65 and it is checked whether the card flag is ON,
i.e., the PC card 3011 has been connected. If NO in step
S65, the process proceeds to step S67; if YES, to step
S66, and it is checked whether print processing of image
data from the PC card 3011 is being executed. If NO in
step S66, the process returns to step S65, and waits
until printing of image data from the PC card 3011 ends.
Then, the process proceeds from step S66 to step S67
and executes a general PC printer operation of receiving
and printing image data sent from the PC 3010.
[0064] Fig. 16 is a flow chart showing access from the
PC 3010 to the PC card 3011.
[0065] If an access request from the PC 3010 to the
PC card 3011 is input, the process proceeds to step S71
and it is checked whether the card flag is ON. If NO in
step S71, this means that the PC card 3011 is not mount-
ed. The process notifies the PC 3010 of a message to
this effect, and ends the processing. If YES in step S71,
the process proceeds to step S72 and it is checked
whether the camera flag is ON, i.e., the digital camera
3012 has been connected. If YES in step S72, the proc-
ess proceeds to step S73, time-divides data exchange
with the digital camera 3012, and permits access from
the PC 3010 to the PC card 3011 by the divided time.
[0066] If NO in step S72, the process advances to
step S74 and it is checked whether the PC 3010 outputs
an instruction of designating readout of data from the
PC card 3011. If YES in step S74, the process proceeds
to step S77 and image data is read out from the PC card
3011. This is because readout of the contents of the PC
card 3011 does not influence other processes which are
being executed even while the contents of the PC card
3011 are being printed.
[0067] If the PC 3010 does not output an instruction
of designating readout of data from the PC card 3011 in
step S74, i.e., the PC 3010 outputs a data write instruc-
tion to the PC card 3011, the process proceeds to step
S75 and it is checked whether data in the PC card 3011
is being printed. If YES in step S75, no contents in the
PC card 3011 can be changed, and the process is end-
ed. If NO in step S75, the process proceeds to step S76
and data writing operation of the PC card 3011 is exe-
cuted in accordance with an access request from the
PC 3010.
[0068] Thus, even while the digital camera 3012 is
connected, the PC 3010 can access the PC card 3011.
[0069] Fig. 17 is a table for explaining each state of
processing succeeding the preceding processing,
which is based on the above-described contents.
[0070] For example, referring to a column 1701, if a
print instruction is received from the PC 3010 during
printing the contents of the PC card 3011, the execution
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of print instruction is suspended until the end of print
processing of data from the PC card 3011, and then print
processing based on the print instruction from the PC
3010 is executed. If an access request from the PC 3010
to the PC card 3011 is received, the access request is
executed if the access request is a read request. If the
received request is a write request, the write processing
based on the write request is suspended until the end
of print processing of data from the PC card 3011, and
then the write processing to the PC card based on the
write request is executed. If the digital camera is con-
nected during printing the contents of the PC card 3011,
and a print instruction from the camera 3012 is received,
the execution of print instruction is suspended until the
end of print processing of data from the PC card 3011,
and then the print processing based on the print instruc-
tion from the digital camera 3012 is executed.
[0071] Referring to a column 1702, if a print instruction
for the contents of the PC card is received during printing
based on data from the PC 3010, the execution of print
instruction is suspended until the end of the print
processing of the print data from the PC 3010, and then
the print processing based on the data from the PC card
3011 is executed. If an access request from the PC 3010
to the PC card 3011 is received during print processing
based on data from the PC 3010, the access request is
parallelly executed. This is because the contents of the
PC card 3011 are not being printed, and a change in
contents of the PC card 3011 does not influence other
processes. If a print instruction is received from the dig-
ital camera 3012 during printing based on data from the
PC 3010, the print processing is suspended until the end
of the print processing of data from the PC 3010, and
then the print processing based on the print instruction
from the digital camera 3012 is executed.
[0072] Referring to a column 1703, assume that a
print instruction for the contents of the PC card 3011 is
received during reading/writing data from/in the PC card
3011 on the basis of an access request from the PC
3010 to the PC card 3011. In this case, if the access
request from the PC 3010 to the PC card 3011 is a read
instruction, a print operation of the contents of the PC
card 3011 is immediately executed. If, however, the ac-
cess request from the PC 3010 to the PC card 3011 is
a write instruction, the contents of the PC card 3011 are
not printed as long as the write processing has been
continued. If a print instruction from the PC 3010 is re-
ceived while the PC 3010 accesses the PC card 3011,
the access processing of the PC 3010 for the PC card
3011 and print processing based on data from the PC
3010 are parallelly executed. Similarly, if a print instruc-
tion from the digital camera 3012 is received during ex-
ecution of an access request from the PC 3010 to the
PC card 3011, the access processing of the PC 3010
for the PC card 3011 and print processing based on data
from the digital camera 3012 are parallelly executed.
[0073] Referring to a column 1704, if a print instruction
for the contents of the PC card is received during printing

based on data from the digital camera 3012, this print
instruction is ignored and not executed. If a print request
from the PC 3010 is received during print processing
based on data from the digital camera 3012, the print
processing based on the data from the PC 3010 is ex-
ecuted after the print processing based on data from the
digital camera 3012 ends. After the end of the print job
based on the print request from the PC 3010, the con-
nection to the digital camera 3012 is again enabled. If
an access request from the PC 3010 to the PC card 3011
is received, the access request is executed. This is be-
cause the contents of the PC card 3011 are not being
printed, and a change in contents of the PC card 3011
does not influence other processes. If an access request
from the PC 3010 to the PC card 3011 is received during
printing based on data from the digital camera 3012, the
access request is executed. This is because the con-
tents of the PC card 3011 are not being printed, and a
change in contents of the PC card 3011 does not influ-
ence other processes.
[0074] In the above description, the top priority is giv-
en to digital camera operation when the digital camera
is connected. For example, which of the digital camera,
PC card, and PC is given the top priority may be arbi-
trarily set.
[0075] Alternatively, the top priority may be given to
the digital camera as a default, and manually given to
the PC card or PC by the user.
[0076] For example, a switch which always enables
display on the viewer 1011 may be arranged, and even
when the digital camera is connected, image data from
the camera may be displayed on the viewer 1011. The
switch for this setting may also be arranged on, e.g., the
operation panel 1010, or may be another switch on the
apparatus.
[0077] The present invention may be applied to a sys-
tem constituted by a plurality of devices (e.g., a host
computer, interface device, reader, and printer) or an ap-
paratus (e.g., a copying machine or facsimile apparatus)
formed from a single device.
[0078] The object of the present invention is also
achieved when a storage medium (or recording medi-
um) which stores software program codes for realizing
the functions of the above-described embodiment is
supplied to a system or apparatus, and the computer (or
the CPU or MPU) of the system or apparatus reads out
and executes the program codes stored in the storage
medium. In this case, the program codes read out from
the storage medium realize the functions of the above-
described embodiment, and the storage medium which
stores the program codes constitutes the present inven-
tion. The functions of the above-described embodiment
are realized when the computer executes the readout
program codes. Also, the functions of the above-de-
scribed embodiment are realized when an OS (Operat-
ing System) running on the computer performs part or
all of actual processing on the basis of the instructions
of the program codes.
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[0079] The functions of the above-described embod-
iment are also realized when the program codes read
out from the storage medium are written in the memory
of a function expansion card inserted into the computer
or the memory of a function expansion unit connected
to the computer, and the CPU of the function expansion
card or function expansion unit performs part or all of
actual processing on the basis of the instructions of the
program codes.
[0080] As has been described above, according to the
above-described embodiment, a printer apparatus
which is connected to a PC, memory card, and digital
camera, receives image data from them, and prints the
image data can execute image processing at a high
speed and perform printing.
[0081] In the above-described embodiment, a digital
camera is exemplified as an image sensing apparatus,
but the present invention is not limited to this. In recent
years, for example, there is known a cell phone with a
function of saving sensed or received image data. Such
a cell phone may be connected via a connection cable,
instead of a digital camera described in the embodi-
ment.
[0082] As a portable information terminal, PDAs (Per-
sonal Digital Assistances) with a liquid crystal monitor
capable of displaying an image and a memory capable
of saving a sensed image are recently being available.
Such a PDA may be connected to the printer apparatus
via a connection cable, and may store image data saved
in the PDA, similar to the digital camera of the above-
described embodiment.
[0083] According to the photo-direct printer apparatus
of this embodiment, one printer apparatus can imple-
ment the functions of a PC printer, camera printer, and
memory printer.
[0084] The present invention is not limited to the
above embodiments and various changes and modifi-
cations can be made within the spirit and scope of the
present invention. Therefore, to apprise the public of the
scope of the present invention, the following claims are
made.

Claims

1. A print apparatus for printing an image on the basis
of image data, comprising:

input means for receiving image data from a
plurality of different image data sources;
printing means for printing image on a printing
medium on the basis of print data;
first print control means for outputting to said
printing means print data based on image data
from a first image data source of the plurality of
image data sources and printing an image;
decoding means for receiving compressed im-
age data from a second image data source of

the plurality of image data sources, different
from the first image data source;
image processing means for parallelly execut-
ing at least color space conversion processing,
size change processing, and color conversion
processing for the image data decoded by said
decoding means; and
second print control means for generating print
data on the basis of the image data processed
by said image processing means, and output-
ting the generated data to said printing means
to print the image.

2. The apparatus according to claim 1, wherein the
plurality of image data sources include at least a
digital image sensing apparatus for outputing a dig-
ital signal of a sensed image, a memory card for
storing image data, and a computer device, and the
second image data source includes the digital im-
age sensing apparatus or the memory card.

3. The apparatus according to claim 1, wherein said
image processing means includes a memory which
stores a control program executed by a CPU and a
digital signal processor incorporating the CPU.

4. A print apparatus for printing an image on the basis
of image data, comprising:

a mounting unit on which a memory card storing
image data is mounted;
a first terminal which connects to a digital cam-
era which can output sensed image data;
a second terminal which connects to a compu-
ter equipment;
decoding means for decoding compressed im-
age data input via said mounting unit and said
first terminal;
image processing means for parallelly execut-
ing at least color space conversion processing,
size change processing, and color conversion
processing for the image data decoded by said
decoding means; and
printing means for printing an image on the ba-
sis of image data processed by said image
processing means or image data input via said
second terminal.

5. The apparatus according to claim 4, wherein said
image processing means includes a memory which
stores a control program executed by a CPU and a
digital signal processor incorporating the CPU.

6. A control method of controlling a print apparatus for
printing an image on the basis of received image
data, comprising:

an input step of receiving image data from a plu-
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rality of different image data sources;
a first print control step of outputting to a print-
ing unit print data based on image data from a
first image data source of the plurality of image
data sources and printing an image;
a decoding step of receiving compressed im-
age data from a second image data source, of
the plurality of image data sources, different
from the first image data source;
an image processing step of parallelly execut-
ing at least color space conversion processing,
size change processing, and color conversion
processing for the image data decoded in said
decoding step; and
a second print control step of outputting to the
printing unit print data generated on the basis
of the image data processed in said image
processing step to print the image.

7. The method according to claim 6, wherein the plu-
rality of image data sources include at least a digital
image sensing apparatus for outputing a digital sig-
nal of a sensed image, a memory card for storing
image data, and a computer device, and the second
image data source includes the digital image sens-
ing apparatus or the memory card.

8. The method according to claim 6, wherein said im-
age processing step is implemented by a memory
for storing a control program executed by a CPU
and a digital signal processor incorporating the
CPU.

9. A computer-readable storage medium for storing a
program for executing the control method defined
in claim 6.

10. A program for executing the control method defined
in claim 6.
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